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NF-kB FAMILY MEMBER RELA/P65 IN CHONDROCYTES CONTROLS
SKELETAL GROWTH AND OSTEOARTHRITIS DEVELOPMENT BY
INHIBITING CHONDROCYTE APOPTOSIS
H. Kobayashi, M. Hirata, T. Saito, S. Ito, Y. Hosaka, U.-I. Chung, H.
Kawaguchi. Sensory & Motor System Med., Univ. of Tokyo, Tokyo, Japan
Purpose: The NF-kB family of transcription factors play crucial roles in
a variety of cell functions. Here we have examined the role of NF-kB
family member Rela/p65 in chondrocytes during the endochondral
ossiﬁcation process which is essential for skeletal growth and osteo-
arthritis (OA) development.
Methods: In vitro expression patterns were examined by real-time RT-
PCR and Western blotting in cultures of primary chondrocytes isolated
frommouse articular cartilage. Cell proliferationwas assessed by CCK-8
and BrdU assays. In vivo expression patterns were examined by immu-
nohistochemistry of the limb cartilage of mouse embryos and knee joint
cartilage of the mouse experimental OA model. Conditional knockout
mice of Rela inmesenchymal cells, chondrogenic cells, and hypertrophic
chondrocytes were generated by mating Prx1-Cre, Col2a1-Cre, and
Col10a1-Cre transgenic mice, respectively, with mice homozygous for
a ﬂoxed Rela allele (Relaﬂ/ﬂ). Time-speciﬁc conditional knockout mice of
Rela in cartilage were generated by mating tamoxifen (TM)-inducible
Col2a1-Cre transgenic mice (Col2a1-CreTM), with the Relaﬂ/ﬂ mice. For
analyses of OA, TM was injected to 7-week-old Col2a1-CreTM;Relaﬂ/ﬂ
mice, and the OAmodel was created surgically by inducing instability in
the knee joints one week after the injection. OA severity was quantiﬁed
by the OARSI histopathology grade eight weeks after the surgery.
Results: In themouse limb cartilage, Rela/p65wasexpressedubiquitously
in chondrocytes of various differentiation stages. To know the function of
Rela/p65 under physiological conditions, we examined the skeletal
growth of several knockout mice. Prx1-Cre; Relaﬂ/ﬂ and Col2-Cre;Relaﬂ/ﬂ
mice exhibited dwarﬁsmwith shortening of the resting and proliferating
zones before and after birth. Contrarily, Col10-Cre;Relaﬂ/ﬂ mice exhibited
normal skeletal growth, suggesting an important role of Rela/p65 in
chondrocytes at the early stage. mRNA levels of early chondrocyte
differentiation markers: Sox9, Col2a1, aggrecan in the ex vivo culture of
Prx1-Cre;Relaﬂ/ﬂ articular chondrocytes were comparable to those of the
controlRelaﬂ/ﬂ littermates. However, the cell numberwas decreased in the
culture of Prx1-Cre;Relaﬂ/ﬂ chondrocytes as compared to the littermate
Relaﬂ/ﬂ chondrocyte culture, as well as by the knockdown of Rela through
its speciﬁc siRNA transfection in the mouse chondrogenic ATDC5 cell
culture. Although chondrocytes from Col2a1-Cre;Relaﬂ/ﬂ mice showed
normal proliferative ability determined by BrdU uptake in the growth
plate chondrocytes, the cells exhibited enhanced apoptosis determined
by Tunel staining in the proliferative and pre-hypertrophic zones. To
further know the function of Rela/p65 under pathological conditions, we
created the experimental OA model in TM-inducible knockout mice. The
knee OA development was enhanced in Col2a1-CreTM;Relaﬂ/ﬂ mice as
compared to the control Relaﬂ/ﬂ littermates, with acceleration of thechondrocyte apoptosis at the frontline of degraded articular cartilage. In
the ex vivo culture of Prx1-Cre;Relaﬂ/ﬂ articular chondrocytes, the TNF-a-
induced activation of caspase-3 and -8, markers of the death-receptor
mediated apoptosis pathway were enhanced more than in the control
Relaﬂ/ﬂ cultures. This enhancement was associated with the inhibition of
anti-apoptotic proteins like c-IAP1 and c-IAP2, but not with mitochon-
dria-mediated apoptotic proteins like Bcl2 and Bcl-xL.
Conclusion: NF-kB family member Rela/p65 in chondrocytes controls
skeletal growth and OA development by inhibiting chondrocyte
apoptosis, representing a possible therapeutic target of OA.
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SYSTEMIC BIOCHEMICAL MARKERS OF JOINT METABOLISM AND
INFLAMMATION IN RELATION TO RADIOGRAPHIC PARAMETERS
AND PAIN OF THE KNEE: DATA FROM CHECK, A COHORT OF EARLY
OSTEOARTHRITIS
W.E. van Spil, S.C. Nair, M.B. Kinds, P.M. Welsing, F.P. Lafeber. Univ. Med.
Ctr. Utrecht, Utrecht, Netherlands
Purpose: The origins of biochemical markers in early-stage OA are not
always clear. The purpose of the current study was to investigate how
biochemical markers of joint metabolism and systemic inﬂammation
relate to minimum joint space width (JSW) and osteophyte (OP) area
when analyzed in detail in knees showing no or doubtful global
radiographic OA. Also, to inform about the origins of pain in early-stage
knee OA, it was investigated whether these associations were inﬂu-
enced by the presence of knee pain.
Methods: This study was performed in 1236 knees of 709 subjects from
CHECK (Cohort Hip and Cohort Knee), having early-stage symptoms of
knee and/or hip OA, demonstrating Kellgren and Lawrence grade <1 OA
changes on knee radiographs. Serum (s-) and urinary (u-) levels of the
cartilage markers uCTX-II, sCOMP, sPIIANP, and sCS846 (C-terminal telo-
peptideof collagen type II, cartilage oligomericmatrixprotein,N-terminal
propeptide of procollagen type IIA, and chondroitin sulphate 846), the
bone markers uCTX-I, uNTX-I, sPINP, and sOC (C- and N-terminal telo-
peptides of collagen type I, N-terminal propeptide of procollagen type I,
and osteocalcin), the synovial markers sPIIINP and sHA (N-terminal
propeptide of procollagen type III and hyaluronic acid), and the inﬂam-
mation markers hsCRP and ESR (high-sensitivity C-reactive protein and
erythrocyte sedimentation rate). Minimum JSW and OP area of these
knees were quantiﬁed in detail using Knee Images Digital Analysis.
Associations were investigated by two-level linear mixed-effects models,
always adjusting for other OA features in the tibiofemoral knee joint and
concurrent OA features in the patellofemoral knee joints and hip joints.
Results: uCTX-II levels showed negative associations with minimum
JSW and positive associations with OP area. sCOMP levels showed
positive associations with OP area, but not with minimum JSW. uCTX-I
and uNTX-I levels showed negative associations with minimum JSW
and OP area. Sixty-ﬁve % of the knees were painful, while 35% were not.
Associations of biochemical marker levels with minimum JSW were
similar between painful and non-painful knees, associations of uCTX-II,
sCOMP, and sHA with OP area were only observed in painful knees.
Conclusions: In these subjects with no or doubtful radiographic knee
OA, CTX-II might not only reﬂect articular cartilage degradation but also
enchondral ossiﬁcation in osteophytes. Furthermore, COMP related to
osteophytes, maybe through synovitis. This conﬁrms that COMP may
rather reﬂect synovitis than cartilage degradation in early-stage OA.
High bone turnover may aggravate articular cartilage loss. Knee pain
was suggested to be related to metabolic activity in osteophytes and
synovial tissue, but not to metabolic activity in articular cartilage.
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KARTOGENIN PROMOTES MOUSE EMBRYO LIMB JOINT FORMATION
AND SKELETAL GROWTH
R.S. Decker y, S. Zhu z, P.G. Schultz x, M. Paciﬁci y. yChildren's Hosp. of
Philadelphia, Philadelphia, PA, USA; zCalifornia Inst. for BioMed. Res., La
Jolla, CA, USA; x The Scripps Res. Inst., La Jolla, CA, USA
Purpose: Synovial joints are essential for skeletal function and quality of
life, and much is known about their organization, distinct tissues and
susceptibility to common pathologies including age-dependent osteoar-
thritis (OA). In contrast, very little is known about their developmental
biology. Basic information about how each joint tissue forms could be
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joint disease. Recently, one of our research groups discovered that the
small molecule kartogenin (KGN) promotes chondrocyte differentiation
fromadultmesenchymal stemcells andenhancesarticularcartilage repair
in adult mouse models of OA. What has remained unknown, however, is
whether KGNmay be able to stimulate the development of synovial joints
and formation of their unique tissues during embryogenesis. Here, we
used an ex vivo system to evaluate the inﬂuence of KGN on synovial joint
formation in reporter-expressing mouse embryo limb explants.
Methods: Female Gdf5-Cre transgenic mice were mated with male
ROSA-mTomato/mGFP reporter mice which express constitutive red
ﬂuorescence prior to, and conditional green ﬂuorescence following,
Cre-mediated recombination. Resulting embryos were harvested at
embryonic day 12 or 13 (E12 or E13). After harvest, limbs were main-
tained in explant culture containing DMEM + 1% FBS for 96h. Limbs
were treated with DMSO (vehicle control) or 100nM KGN and imaged
every 24h using ﬂuorescent microscopy. After 96h, limbs were pro-
cessed for whole mount alcian blue staining or cryo-sectioning.
Results: In previous studies, we showed that Gdf5-expressing mesen-
chymal interzone cells form at presumptive limb joint sites and even-
tually give rise to all joint tissues over time, including articular cartilage,
ligaments and synovial lining. Indeed, Gdf5-Cre driven mGFP reporter
signal was still absent in early E12 hind autopods at harvesting (Fig. 1, A,
E). By 96h in control DMSO-treated explants, mGFP signal had become
appreciable in the incipient metatarsal/proximal phalangeal joint site of
digits 2-4 (Fig. 1B, arrowhead) as expected. Alcian blue staining showed
that the cartilaginous metatarsals (MT) were well developed, while the
proximal phalanges (PP) were rudimentary (Fig. 1C). Strikingly, KGN
treatment of companion limb explants had induced strong growth of the
proximal cartilaginous phalanges as well as formation of the next prox-
imal-medial phalangeal joint as indicated by mGFP signal (Fig. 1F,
arrows). The strength of KGN effects was reiterated by the fact that
whereas digit 5 was hardly developed in controls (Fig. 1C, arrowhead), it
was well organized and elongated in treated specimens (Fig. 1G,
arrowhead). As the joints form, the mesenchymal interzone cells
undergo a process of migration and condensation. Confocal analysis
revealed that while the mGFP-positive cells at putative joint sites in
DMSO-treated controls were broadly distributed and randomly oriented
(Fig. 1D), the cells in KGN-treated specimens had undergone condensa-
tion andwere all aligned transverse to the limb longitudinal axis (Fig.1H).
Conclusions: Our data provide clear evidence that KGN is a strong stim-
ulator of joint formation and interzone function and sustains these
complexprocesses inexvivomouseembryo limbs.KGNalsostimulates the
growth and elongation of the cartilaginous phalangeal elements, reiter-
ating its pro-chondrogenic abilities ﬁrst revealed by our previous studies
and pointing to plausible additional properties in limb regeneration.
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IL-1b AND TNF-a REGULATE THE GLOBAL HYDROXYMETHYLATION
OF GENOMIC DNA BY MODULATING THE EXPRESSION AND
ACTIVITY OF TET-1 IN HUMAN OA CHONDROCYTES
A. Haseeb, T.M. Haqqi. NEOMED Univ., Dept. Anatomy & Neurobiology,
Rootstown, OH, USA
Purpose: 5-methylcytosine (5-mC) is a widely studied epigenetic DNA
mark that play important roles in gene regulation, cell differentiation
and organ development. Recently, 5-hydroxymethylcytosine (5-hmC)
was discovered as a new DNA mark most abundantly present in brainand in embryonic stem cells. 5-hmC is formed as a result of oxidation of
5-mC by a family of ten-eleven translocation (TET) proteins. 5-hmC is
considered as an intermediate in DNA demethylation as well as
a distinct DNA mark per se. There is increasing evidence that 5-hmC,
like 5-mC, may also be important in epigenetic control of gene
expression during development and disease. In the present study we
investigated the role of pro-inﬂammatory cytokines IL-1b and TNF-a in
regulating the global 5-hmC levels in the genomic DNA as well as at
a speciﬁc locus in MMP-3 promoter region in human OA chondrocytes.
We also investigated the effect of IL-1b and TNF-a on the expression and
activity of the enzymes involved in the generation of 5-hmC, including
TETs and iso-citrate dehydrogenases (IDHs).
Methods: Primary human chondrocytes were isolated from the deep
zone of the cartilage obtained from OA patients who underwent total
joint replacement (n¼8). Global 5-hmC content in the genomic DNA
was quantiﬁed using a 5-hmC-speciﬁc ELISA (Epigentek, Farmingdale,
NY). Total TET activity was determined by an ELISA based activity assay
kit (Epigentek). Total IDH activity was determined by a colorimetric
assay kit (Sigma Aldrich, St Louis, MO). Gene expression of MMP-3, TET-
1, TET-2, TET-3, IDH-1 and IDH-2 was quantitated using the TaqMan
assays (Applied Biosystems, Carlsbad, CA). Locus speciﬁc 5-mC and 5-
hmC content in the promoter region of MMP-3 gene was examined by
restriction digestion by methylation and glucosylation sensitive
enzymes followed by PCR using speciﬁc primers. Data were derived
using Origin 6.1 software and P<0.05 was considered signiﬁcant.
Results: The global 5-hmC content in human chondrocytes was found to
be 0.1-0.2% of the total genomic DNA. There was approximately 70%
decrease (P<0.05) in the 5-hmC content upon treatment with IL-1b plus
TNFa for 48 hrs. This correlatedwith the reduction of Tet enzyme activity
after treatment with IL-1b alone or with IL-1b + TNF-a. There was
a signiﬁcant (upto 20 fold) reduction in the level of Tet-1 mRNA
expression while expression of Tet-3 mRNA was increased slightly (2-3
fold). The level of Tet-2mRNAexpression did not change upon treatment
with the cytokines. IL-1b and TNF-a down-regulated the IDH-1 and IDH-
2mRNAexpression anddecreased total IDH enzymatic activity in human
chondrocytes. We found that the MMP-3 promoter region DNA was
hypermethylated (w90%) and that about 50% of the cytosine were
hydroxymethylated at HpaII locus. There was approximately 8-fold
decrease in the level of 5-hmC upon treatment with IL-1b and TNF-a at
TaqI locus in the MMP-3 promoter region. This cytokine-induced hypo-
hydroxymethylation correlated with approximately 40-fold increase in
mRNA expression of MMP-3 upon treatment with both IL-1b and TNF-a.
Conclusions: Our results demonstrate for the ﬁrst time the presence of
a signiﬁcant amount of 5-hmC in human chondrocyte DNA. We also for
the ﬁrst time show that pro-inﬂammatory cytokines IL-1b and TNF-
amodulate the 5-hmC content in the genomic DNA via modulating the
gene expression and activities of TET and IDH enzymes. Taken together
our novel data (a) suggests that DNA hydroxymethylation of critical
genes implicate epigenetic modiﬁcations to cytokine mediated gene
expression and may contribute to the pathogenesis of OA; and (b)
identify novel targets for the development of OA therapeutics.15
VISFATIN/NAMPT IN OSTEOARTHRITIS: A PRO-INFLAMMATORY
ADIPOKINE INVOLVED IN SYNOVIUM-CARTILAGE AND SYNOVIUM-
BONE COMMUNICATIONS
M.-C. Laiguillon y, C. Bougault y, M. Gosset z, G. Nourissat y,x, S. Priam y, C.
Jacques y, X. Houard y, F. Berenbaum y,k, J. Sellam y,k. yUR4 UPMC, Paris,
France; z EA 2496, Paris Descartes Univ., Paris, France; xDept. of
Orthopaedic Surgery and Traumatology, Saint-Antoine Hosp., AP-HP,
UPMC, Paris, France; kRheumatology Dept., Saint-Antoine Hosp., AP-HP,
UPMC, Paris, France
Purpose: Visfatin, in homodimeric conformation, exerts a nicotinamide
phosphoribosyltransferase (NAMPT) enzymatic activity, which is the
rate-limiting stage in the salvage pathway of nicotinamide adenine
dinucleotide (NAD) biosynthesis from nicotinamide. NAD is involved in
many biological processes including redox reactions, sirtuins activity
and TNFa synthesis. In this study, we aimed to i) characterize the sites of
visfatin/NAMPT production in human OA joint tissues, ii) assess ex vivo
its enzymatic activity iii) investigate the role of this NAMPT enzymatic
activity in chondrocytes and subchondral bone activations.
Methods: Human OA joint tissues (synovial membrane, cartilage, sub-
chondral bone) from patients undergoing surgical knee replacement
